(19) 




JAPANESE PATENT OFFICE 



PATENT ABSTRACTS OF JAPAN 

(11) Publication number 2004096021 A 
(43) Date of publication of application: 25.03.04 



(51) Int. CI H01L 21/205 
HOI L 33/00 




(21) Application number: 2002258344 


(71) Applicant: 


SHOWA DENKO KK 


(22) Date of filing: 04.09.02 


(72) Inventor: 


YASUDA TAKENORI 






OKUYAMA MINEO 




(54) lll-GROUP NITRIDE SEMICONDUCTOR CRYSTAL, COPYRIGHT: (C)2004.JPO 
MANUFACTURING METHOD THEREFOR, AND 
lll-GROUP NITRIDE SEMICONDUCTOR 
EPITAXIAL WAFER 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a manufacturing 
method for a Ill-group nitride semiconductor crystal 
whereby the high-quality nitride semiconductor crystal 
can be formed on a substrate, in a process having a 
comparably little change in temperature, by utilizing a 
semiconductor-crystal growing method using the 
substrate having an Irregulariy processed surface. 

SOLUTION: By feeding a Ill-group raw material to a 
substrate having an irregularly processed surface while 
adopting a V/lll ratio not larger than 1,000 (inclusive 
of the case of the V/lll ratio being zero), a Ill-group 
nitride semiconductor (the Ill-group nitride 
semiconductor is represented by InGaAIN) is formed. 
Thereafter, the vapor-phase epitaxy of a Ill-group 
nitride semiconductor crystal is performed by using the 
Ill-group raw material and a nitrogen raw material. 
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[ It * « 1 ] 

mm B {h ^ M i: L mm ± I- . v/i i lit^iooomr (v/i i i it^^ o 
-^^^tf) fcL-ci I I mmni: mm L . i i i^.ajk!K»#^# (ijuT, i i im^it<& 

^mi^ii I nGaAlNT-^$ix-5^)Oti--5o ) i M & -t i> m I <r> Xm t . -t <D m I I 

[ W*a 3 J 

2 X 3 i;J.T t-t i Z t i>m^mi ttzli2 {ZU^<r> 1 I I^S'fttr^^^^^feB^B 

(7) Sli jt :^ -a o 
4 1 

tfrfa«1gi:L-C-9-7T^T (AI2O3) *fflv^^Ci:^!}fg^i:1--5.ffi*]Sl=5rv>L3lc 

fB«o I I I jg:^riio 

t W*« 5 1 

JS 1 ^ v> L 4 i: le « CO I I I ^ M !^ # « ft: ^ B^B <7) it ft o 
6 ] 

z t ^n^mt-t ^m^m I ^j:^- L 5 iztimo I i l;^aft;!^#^i»^^^B^BOSgji:^ffio 

llt*« 7 1 

fllrlEf^2<7>Ig-e,^?!im«-i:LTT>*^T (NH3) Srfflv^-S^i:«r#gfci:-t^.it* 
[ 8 ] 

ffl^ftft (MOCVDft) T'1fd^i:Sr#8fci:-f*«*JBl'5:v^L7tcfB«<^I I I:^^ 

ibt>#«f^^B^B<^SS®:^fto 

m tzm I <r> JLUX' m & L tz I 1 i mm.it z t ^s^m.t-r ^tn 
im^m 101 

ifri5^i<7)x^i-e?K^L/ci I 1 mm.it ^^m^^:f>'^^^ ^bX'^ z t Wit ;s,m^ 

[ if * II 1 1 1 
[it*« 1 2 ] 

lafi^^ticjnx L/^^«± 1 O I I I ;^M^t!fe#«ft ^rf'^*! L , ^<D±IZ^2(01 I I 

^a^kife#«<^iKfS«rf^ta-r4i I I mmitm^m^m^B<Dn^y;mizis\.-x . mi <r> i 
mitm^m'Wmh<r>m.^:Hmo 

[ 1 3 1 

«riBe**tieB^7»«, ^ <r> mm ft'' mi&m t iJistf^asit-c^-s i ■? u*«±ic#^ ltv^-s c 

1 4 ] 

if jK« 1 t 1 3 (cie«<^:^ffiT-ssii t f-: I I I ;^Mfbti¥S^^^B^Bo 

1 5 1 
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It * n 1 4 izmm.<D I I 1 mmit^^mi^^^<r>±iz^ ? «b i i i mmitm^mi^^ 

[ 0 0 0 1 ] 

^^mii. ^Tfcr-f^-K (LED) , ^-■^f^^'7^-K (LD) , Ml- r ^< -( m <r> i'^ 

SI u ffl <b -6 i® a% i± o A I I I mm^tm^ma- oikT . i i i m^it^^mn^u i n 

GaA lN-C»$n-&<><Dt1--6o ) ^ t -t <0 ^ ^ iZ Ti^ -f & o 
[ 0 0 0 2 1 

I I 1 mmitm^m^ii. -^m^*^ hmf\-itm}^iz:^m-r i> )\^^'- <r>m.^m^m<D ^< 

> K ^ y * i *. J* ^ ^ % * rT KB -C- ^ ^ «!) , L E D ^ L D t L X <r> f& ^ 

nrv^^o t/cSfl:T;i'5-'>A**>;'!7A (AlGaN) tM'ft^'V't'/^ (GaN) t <D 

^xn^^#ffi-f(±. I I I mmitV!)^mi$-izs^mm^j:f±mn^iz X ^ 2 >xytm^mA^^ 

h iv ^ ^' r- > )V in c> X ^ o 
[ 0 0 0 3 ] 

L7>>L=fc7i«'b I I I mm.it^^mi^ii. -^^B°H<^W^jaS-e2 O O 0KJEUS.^Mm<^)!i 20 

e ^ ^ ^ )\^ js. m iz m -t i> & Wi t L X . \ i ii^g'ffcti^*#:om^B^B»'K^fijffl 

•9-7r^T (AI2 O3) n.m^B'^m.VC'm.m (S iO #^B^B^<DM«cO*tK;6^c>=5;2.ft 
^^^ffl v» C> *V ^ o 
[ 0 0 0 4 ] 

4i^|£#^B%<75MU{i:^#i5:*&T-^|g^75^;i¥ffi1-'&of!lx.(f-it7T'fT (AI2O3) 
fk**';'i'A (GaN) OMt-{il6%, SiCi:a'ft**';':7A<7)Ht-«±6%<^)^&^/FS'& 
7S*#4i-^o -Jiaic ^ <0 J: T ^r^^/F^-^<^#ffii- 'S^&'&t^Ji, »«^± S- 30 

:h.^^V>o ^CT'. *«l^«jb#^*ifi&ft (MOCVD) I- <t -9- 7 r -f T * ^ b^b * « ^ 

T;I/5^>!7A (A 1 N) ^A 1 GaN-e«^$tL-&fg:il/<-;'7r)ii:iqi|fit*il?:^^cr) 

:^ ft - JIS U fi^ it -C § ( ^ ^ If , # it X K 1 , # K= 5: « 2 # BB „ ) , 
[ 0 0 0 5 ] 

*7t, ±fBL/>:fi:ia>'<y7rJi«:fflv>^jfiS:S:^SOffeU*>, 9 0 0'C:d^<b 1 2 0 Ot:®* 

* ^> 13 ^ $ ixT -2, (^jxif, #ffl^:i:i)c3, i #Ba, ) „ 40 

[ 0 0 0 6 1 

:L<r>i$kti:ikU<r>T . 2^ttJ®A{i, *«±ICV/I I IJtSrlOOOJBLT (V/I I Iit;i? 

Q <D^i%i^ts) ^LTi I i^;^*^^§t*&L, I I I mm.itis!i^mi^i:'ifi-&i- I <D 
xm.t. ^(Dmi I I mmm tmrnmrn i m^^x . m^^±^zi i i^Mftt^^^^^^^B^B 
*^ffi««?-ti:^^2c7)xg^*i-^ I I I mmitm ^^m'i^m^B<r>mmumi L . i 

[ 0 0 0 7 1 

4^«#^B^B<7)1B:teCtjb^lli&1-^:^fei:LT> *«SB{-IHIia*S^L> '^<7?±tc 

Srfife:S1-4:^ft3S*^c>ixTv^^o M x , I I I Si ^ ib !fe ^ « f*: Ji . -9- 7 t 50 
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m t:m^L . ^ h ^ <D ±.izMis.x- I I I mmitm^mi^m i ^ ^ ^ ^ ^ ^ 

[ 0 0 0 8 ] 

[#fF5:ii^ 1 1 

#it»3026087 ^<^m 

i^VfjC^ 2 ] 
#IB¥4-297023 -^^^ 

[ # fi= fflt 3 1 

iifia¥9-64477 -^-^^ 

[#1^:5: it 4 ] 

^pg2002-1 64296-f-^« 

[ #^ !^ fi= m 1 1 

\c - ■ ^ > ■5'i-(P.Kung,et a I . ) . T ^ y ^ V V ^ V {7 7. V ^ - X { 
Applied Physics Letters), 1995^,||66#, p. 29 
5 8 

l#^#ff 2 1 

— • 9 y V ( K . T a d a t o m o , e t a 1 . ) , v - - X V ^ - -f 

)V 9r -f T -f y ^ Y 7'f->'^;^ (Japanese Journal of App 
1 led Physics) > 2001^, ^40#, p. L583-L585 
[ 0 0 0 9 ] 

^ -ft 75* jfc ^ fi*) I s -e , ^«±tcs;„°pSo i i i M^-ffcii^^s^ttS ff^tfe-t * ^ 

;J*Brtl5:I I I SEM'ffct»^«#:i»^^«i^:^SS:lt«i-'5>o !^ , IHl ^^c * W *P X $ 
[0010] 

[»^*)#?^i-^;^w«i)<D^^] 

IS l± . 

(1) R®S-iaCit>cHi)nILf>:««±{C, V/I I IJtSrlOOOyiT (V/I I lifcjj? 

0<7)t#'g-*-i-tf) h\^X \ I l;^i!^#^#t|^t, I I I^S'ftt;**^*: (J':JIT. I I 
afbt/4^«#:iiInGaAlNT-^$tL-S.^><7)i:-t^o) ^ff^^i-^^lcOXSi:, ^<7) 

1^1 I imw.mhm.mw.^^m^-x . ig«=K±tii i i ^g'fbt/^^^^^^B^H ^^ffifi&ft ? 

^ 2 WXS «r^i- -5 I I I ^Sfbt»#-^f^^B^B<OSig:^So 

(2) ««^® o CD C] Off^^^ ^ ;^ h ^ 7'^^ 1- ^ i: i: -r -5 ±15 (1) 
I I I ^ a -fb !^ 4^ ^ ^ B^B <^ S5 :^ o 

(3) ««^MOIHJflOIH]SCi|iIi5<ttKdhSCi|il^'e-*l-'m3;«mmTi:L> [HJifi<0-^$^IHI 
ai5i|fi02/3Ji)lTi:-r*^i:«:J|f®i:i--5.±S£ (1) itz\t (2) U|E«<7)I I li^Mfb 
!^i}i*#:^B^B<7)SSii;^fto 

(4) frie»«i:LT-9-7r^T (AI2 O3) *fflv^^^i:^#glci:-r-&±fe (1) ^: 
L (3) I I I ;ma^b!^4^#^^a^B<OSS3t:^^o 

(5) ttrie^ioie-ettif&i-^i i \mw.^-hu 'i^-tt <^ ^ k \ ^^ts z h -^t^WLb-^ 
-2. ± K ( 1 ) L ( 4 ) u IS « o . I I I ;^ a 'fb t> 4^ ^ 1$ ^ B^B o Si it :^ ft o 

(6) «rie^2c7)XS-e, ««±lcMfflfiScft:^-<i-^I I I^S'fb!K/*«f*:^B^B)«^GaN3i^ 

h ^ z t wl t -r ^ ±tz (1) ^v>L (5) iciBfeoi I im^it!&^^i^m^<r>m 

JS >^ S o 
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(7) 2 (Dxmr- . mm t L r r > ^ - T (nhs) ^ m^^ ^ ^ t ^a^m. t -t 
i>±u (1) (6) iztim<Di I I mm.i\:^^mi$^^B<Dmm:hi^o 

(8) nn tzm 1 <r> urn t fz li m 2 <7y Jim <D 7i <^ t i> - yjiz a X . ^^^m^S: ^ m^m 
ft^^ffi«*a (MocvD^) x-n ^ z t immt-t i> ±m (i) ^^v^l (?) izmm 
<r> I I 1 mmitm^mt$i^^B(Dmmyjmo 

( 9 ) hU le ^ 1 <7) I s T- ff^ * L I I I mmit^iia ^mi^A' M^^^ ^Bmr- ^ ^ z t i t 
-r^±fe (1) 4" L (8) uiEftcoi I I ^.a-fti^^i^ft^H^B <7)Siit:^ffi o 

(1 0) m tim I <D xmx m ^ L fz I i ii^aftt)¥*#*^^t>t^H=B-e*^c<!:*#it^ 

i-^ilE (1) ^rv^L (9) lClE«OI I I^^fl:!^*Sft:^BiiOS?it:^ifeo 

(1 1 ) tfr K tt ^ t <D mm :^^mwm t i5 a ts i^mmx ^ i. X 1 i,zm^± izifm L lo 
r ^ z t is^m. t -r i> ±Mi (1 0) I I mmitm^m'i^^^B<r>mM:f3mo 

X- ^ ^ o 

I 0 0 1 1 1 

* 71: , * I& ^ t± , 

(12) Waik^zMT. L fzmm.±^zm I <D I I IJ^fift!t^4^»«:^f^SJL, -?-<7)±tC^2 

I I I t^mit!i^^mi^^^B<7ym^yf &c. 

(13) ^trieatt^a^HTjs, '^coilW75«^;Kffi t isis triafittr-* ^ i d L 
■Cv^^Ci:*#mi:^^±IB (1 2) Ufiemoi I I^Sfk^4i*#:^B^B<7)^ii:^So 20 
f ab * o 

[0012] 

1 7t . * I& (± . 

(1 4 ) ± le ( 1 ) ^ v> L (1 3 ) iztzm.<Dyj mx'Wkm.L fz I i i a it !^ 4^ « ^ b^h o 

T * o 
(00131 

f > ^ ?g l± > 

(1 5 ) ±ie (14) uiem<o I I I mmit^ ^mi^^^<r> ±iz , ^ h ^z i i immit^ 
^mi^f^^Bm immLfz I i i :^ a ft 4^ « # ^ ^ ^ -> ^ -i- ^ - ^> o 

-C ab o 30 
[0014] 

:$:|§B^<7)i I i;^a'fbife4iSff^B^BOSS3i:^aii. «iB*Eidb^^ttc*nxLfcft«±ic, v 
/I I IJtSrlOOOJtlT (V/I I litA^O(r>^^i^tt) t LX I I 

I I i^efb!t&*««:^ff^iSi-^^i<7)i@t, -e<7)f^i I I mmm- 1 mmm^i: m 
<^^i. ^2<7)i^^;fi-i-^i I I m&itm^mi^^^B<^m^:fji^^z X 10 . »«±u^b^b 

^Mft^#«#:i:(i, I nG aA 1 liX'mt>$ti^i>(/)b-t?>o 
[0015] 40 

e&*<ofi^a/^'y7T®*fflv^<2,I I I mmit^^mii-m^B<DmmumizitmLx . :^mm 

ii'-^r<^^o Z (7) Z t IZ X t) . ^itT'D-tXCOMSl, *^::i^h'fk7jJpTH|-e*^o S^'c, £ 
[0016] 

^ ^ m X- ^ t L X if "7 :^ . SiC> Si> GaAs. GaP. GaN. AIN, -9- 

y T ^ T ^j: t' i m^' ^ z t -i^x ^ ^ o z zx. ^§tmx li^ iz ^ mtimu*^-*)- y r 4 T ( 
AI2 O3) X i> ^ Z t ^^mt L^>o »«/4^-9-7T^T-C-*^i:i§5p°ng^««7{»?^litcA 

^-Bj mx ^ & t 0 m .^.^^ h o y r ^ T m^<r>my3& t Lx li. mm. a®, cmm so 
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fl^mx. a>^. ^j:A-X'iicm ( (0 0 0 1) ffi) 7>«»SL<. $e.U*«^®c7)Sit«7>^< 

0 0 0 1 > :^ # ^ o :^ (- di ^4 L T -a c t 75-' M i L o t fz:^^m iz m ^ mm 
li, n 1 <7) am. m ^ m mm j:- y ^ > y <7) t ^flj^s^tfo t^^^so^^ 

[0017] 

T'«;K«® J= -r en G Off^ (i . h 7 ^ ;K ^ 7^ ft tt ft 4^ ^ B 

tzm{h<r>mm.it. ^7 t ^ r mu<Dmij^\.z-m.^^tz^ . &-t t: -r ^ hi: * "i r- * 

'?-'7)±{c^ft$-ti-S I I I^aikti#^ff^a^B<7>«B^¥iifl:$-<i:S;t:«i>tc(±, 10 
[0018] 

*l&^TMi, »10XST-§t^-r-SI I I mW.^ t L X V ^ ^ )\^ T )\^ ^ ~ ^ I. ^ b'Jj^ 
^ ;u T 5 — A , 5' - V -v 'J r T ^i- 5 - A , V ^ "f- )V if I. ^ h j. ^ ;p 

'i' A , ^ - V >; y ^ ;u A , h ^ > a , v ^f- )\y ^ > v ^ ^ 

- ^ ^ )V ^ V 'J ^ ^ u ■rt.y 9 'J :^ - }V -i y V ^ . ^ if S- ffl v» -5 3. i: as 5|5 
-So f 7t . h 'J p< ^ T 5 ^ , b -X- ^ ^l' T ^1/ 5 ^ A , - -> 7' ;W T 5 

^\t'^^'^m.ifm^^tzib. J^iar- i 55-»f ^ e - L U < < , ^B^a L ^ i- 20 

[0019] 

S/i:$:|&B^0^1(7)IS-eii. III;^!^. fl-t|5lB#lcr>^-T. T )\^ ^ )V T \ y m . ^ 
K7v>a, ^oV;^IE«.^^$&-r^Ci:icj;t), I I I "^mW^m ^^^^ HiWL-f h Z. t 
tl^x % z> o lgi<75xe(ciJv»Tl I l:^Mi^S-tt*&1--5^ov/i i iJt* 

1000mTi:-t-4o $ibiriiffL<{± 500 I^iLTi:L, HtCfi^SL<(±100mTi:1- 

± ic ^ i: ^ 1- i: ^ 5^ * 75^ * S o 
[ 0 0 2 0 ] 

**?g<^^l<Oiet-*JV^-Cli, V/I I IJtTj^O. -r5r*?*>V;^;^^<7)«ip&S7jso-C* 30 

oT^>^v>o tlL^<7)t#^, itiaL.Tmi&-r'5.Vi^J!^#*^0T-*oTiE>. ||2(OieBir(C 

^ ^ -9- -t r ^ ^ -ft « L ;t # « O a « ^ » ^ a jE fiJ ffll-r -2. S 75-' * S o * ft: Stl U l± 

1- s o * ;t , ^'^f'^-j V T '^^m^^fz^^\,z\t-^^tii^mxibz>^ - -^ y\y ^ - - > if 

6 0 orUJSV^ri O^KtTo/if^T. ^l<7)IfItLT*«^l 0 0 0"Clc^^L. I 40 

1 l:gim*21-<7)ife^-g-*^b-^!^O^*»ita$-ti-V^ll«-(7)tt^»(±0tL-Ci3^. -eco^^ 

2 OXg-c^S^B^B^gSr^f o 7t i ^ ;!> . I I I ^ ^ ft !^ * 31 S Sr « i" * ^ 

( 0 0 2 1 1 

%tz. ^10IStci5lt-£.V/I I IJt*Oi:Lr^)Altf=tI I l2^a^ttf#«#^B^B75^ 
-e<^N2<^^?-f*^5:^»UJ:oTii:-5.Mm (N) ;E^SrM?Ki(StLTfflv>-&:^^fe7jf** 

o 

[ 0 0 2 2 ] 
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^ X ^ ffl ^ c i: tij * -a o ± iz^^tz x 0 iz ^ ^ m ^ :^ t L X i: m ^-^ tz m ^ iz 

( 0 0 2 3 1 

t fz. l^l<0ie*1fTl^O#fflKOJE^j!±l 000-1X1 0* Pat-r*Ct75-'ai* 
So a*L<(±, 1X1 0^ PaiiLTtt, ie«CM*L<Jilxi 0* P z ilkT t -T o 

^ 1 <7> I ® (c is tt s JE t , is $ -5. & « i§ *] o I I I mMitm ^m^m <r> mm 

[ 0 0 2 4 ] 

^^(o^mA'^ms^ < ni^ix. m ^ ^ tii> ^ ^ iz ^ ^i- m <^ T )v )u m ^j: t iz 2: ^ 

A ? n ^ i: T fij * o 
[ 0 0 2 5 ] 

1-^t>-t>. ipI^Mnm^i^ibSOOnm, ig5^75^'5nm74-<blOOnm@S<^ftt>cO*3T-Jl 
75^-^* L S IS % <7) * t 1- S o III SiMlbtJ * ^-^^^m t-r ^ Z t iz X 10 . ISb^h 

5:<. ^ t m m iz mumm ^ ^ X ^ f£ m ^ X ^ -o -c >b m ^ ^j: o zcom^ 

[ 0 0 2 6 ] 

itVMi. :4:|&?qcO^l<!0Xe-e?^fi!t-r*I I I m^itm ^mi^H . ^^i^^ t ^j: ^ X o iZ 
Z> o -f ^J: t> -h . $§75*0. 1 n m^^ h 1 OOnm. 1^5$:^* 1 0nm;i-'b500nmS«O 
&ik<D&.^:i)^m^Lfz^^^^Bt-t^o I I I :^ ^ !^ ^ a t>t ^ B^H i: 1- ^ i: J: "9 , m 

[ 0 0 2 7 ] 

*;t:2f:i§^o^2<7)x«T-ii, I I I mw.m^ t mm mm m X . mi<^i:^X'i i im 
^itm^m^^^MmL fzmu±iz, i i i m^^b!^^^* «■ ^ffl^:^ $ ^t-s o sas? 

iir-SI I lM^^b!^#3!cft:^B^B*^GaN-C*-&i:, GaNlil I I m^it^ ^mi^ <D ^' X' 

2 ^Xtc m. ^ L -r ti if) . Tffi^G aN^B^<OJik:^'^vA';uS^ff^fiK-r-5>c0 75?Sl,T- 

[ 0 0 2 8 ] 

ffi^LTti^tS^S'fb^^^ffl^ftft (MOCVDS) ^Mffi^e^'^v-S (VPE-S) 

s-fflv»4c:i:75*T-§-5.o dOF^MocvDSji, I I imm.n<D»m<Dmmimnx^. 

f&m^m i> ^MX' ^ ^ . ^j: t' <7) m & iz X i) m t L o t fc. MOCVDS{C<t^x{f, ¥ii 

=2:1 I im^it^^mi^^^B^Mm.Lfzmm'S:KfZ'-fp<n^iz-^iomrzt^j:<. ^ h iz^ 

O^B^B±US»^^!|f1±**1--i.«^'5r^?-«ii*f^Sg1->Sii:*«T'#So 
[ 0 0 2 9 ] 

^2<7)x@-eMocvDST-i I I mmit^^m^^^B'S: ^^-r ^m<r>mm.<r>i^mii 9 5 

Ot:;4-<bl200'Ci:L, 3?^HMOjE:^7(1 1000Pa;5-t>lxi0^ Paii-r-Sco^^W 
[ 0 0 3 0 ] 50 
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t fz. m 2 (oxmr-mm-t ^ mmmn t Lx a . r > ^ -r (NH3) ^^^i^x- i> ^ xm 

m 75? ^ =^ T- . HT {c ^ S5r ii L T T ffi t& ^) ^ fffi T' * ^ a6 «^ i L v> o I I I tk 
t LX it. h ^ )l' T )V I ^ 'y A , h "J x. ^ ;|. T ;W 5 - >t7 A . ^ - v ^ 'J 7* ^ ;P T 

)i, ^ ^ A , b u > ^ # >; A . h j:- ^ ;i' <; "t? A , - v ^ 'j r ^ ;i' u a , h 

>; > ^ ^H' > V A , h 'J ^ ^' > V , 3^ - -> A' 7* ^ > V -t? . V n > 

^ -y X - ^ > V H7 A , 4- ffl ^ i: 75? § -S, o t fz . IS 2 (7) I @ T- I I I fk ^ 4^ * 

0-2 0 0 0 0 i:i--S<0 3S*$ib(ciif4 Lv^o 
[ 0 0 3 1 1 

^mmx'ii. ± le (7) » 1 . 2 o I e ^ * 1- i i immit!i^^mii^m^B(r>mmyjmizx lo 

t) . M 1^ Pfl -C- « S <7) y D -t X i , GD G tD I $ n * « ± I- 14j - 14 75^" iiS < ^ l§ b^b 
14<7)^VM I I^^1fc!^4^»#:^B^B^SJI&t-^Ci:7!»?T-§^o tz&oT±Seoi I I mm it 

^ 1 I l:^ffl^t!^#^«:j^tf:J' + ->^;U'i7i-/N5rf^^i--&^i:75?ai*-5>o 
[ 0 0 3 2 ] 

4^§tmizw.^ ^ . mitif 'y ^mit^^^^m^i$-m^u(om:m.:fjmm.m-t ^ o 20 

^HifeM 1 l± , mm * (0001) Mi:i--5-»^■7T'f T Sr-ffiffl Lfzo r ^ T & 

7!>«3y!^m<7)a^4^<7)X^-Xt^. ^:S.\z%UVtK^^tz V V ^ ■:f ^ t L tz o t fz . d 
<7);^h7'f7'<7):^[p]!±, y r ^ T <D < 1 - 1 0 0 > \^ t W- t L fz o CCOIHIG* 
?g^L7t-9--7r-fTS^Ji{i^l<OXSi:LT, b';p{^;i/r;i'5-'>-i. (TMAl) <D 
m% t h >t ^ )V if ^) -y (TMGa) O^^Sr^^HtlcLTl :2-r'iS'&L;t^#«r-^ 
U^i^t. T > ^ - T (NH3) ^-^trmft^Bfta-t^mS^ifeL, ^ 2 <r>T.m t LX T 
MGatT>'e~Ti:mmLxmitif')y-i^i:^9:^'±. Ba^izmH^ntz-^Tyr^T 
mU±izmitff "y 2^m^f)^ hti: i> G a NS^rftlSL^wo IS 1 OXST-fflv^f^^ftT-OV 
/ I I I it I* ^ ^ 8 5 -e * -5) o 30 
I 0 0 3 3 1 

y r ^ T ^u^mmnw-.^^ - 9 <D R F ^ [zwiW.^ i^tz^nm(D m.jB-Kp<D ^ {zm 

mmif^iio»m\zm.^x'^y.m\^fz^ik.mmmm^^-^^v^m^^. i o t-ifx 4o 
«^iaE*i 1 Tonc^iaL/co ^'Kias^i i 7ot:u'Ko7^cs$. *#*^^xi:a^ 

■9- - -v ;b ^ U - X > ^ o T m , R II- -j^ ^ M ? />: If T' 3b ^ h V ^ ^ 'J 
>i7A (TMGa) (DX-ofz^^i^^y^y) id J: If h V "f- T )V ^ 't; A (TMAl) CO 

x^fzmm (/^y^) <r>^<s iz:^m ^ ^ 7 if ^ i mm L X . > y ^mi^\^fz^ # 

>i'*lcJ:oTl&^LfcTMGai3J:tKTMAlco^^(±, iKSX^^^^i^S-Cli, ^ \ 

r if :^ t-^Kmmmim.^<^w.m^m.^^^ . mmmm.i m^x ?h^v^mm Ltzo 

- -7 )v ^ ^) - zL y (r> i^T \k . m.m ^ T if X <D )v r i m t \^ . K j:& -tp ^ <7) if ^ 
<r>mf^i::^m<r>^ t Ltzo 50 
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[ 0 0 3 4 ] 

^ ^ T if X <r>w 'f) m . m^<^i^mi: I i sort-pfis^-ti-^co i i sorr-Si^Tj^ 

mt^Ltio ^v>TTMG a i: TMA 1 <D <r> y i m iZ W <0 ^ x. . TMG a i:TM 
A \ (Dm^i^tt^i^i: S.tZ-^J>^^^m LX . y r T mm±l~ I I II^M-ffci^^^ft: 

^'•^^EirJ;l5fiL/j};t»P«nfy-e*;uit^T-2 : 1 t^j:i,XoizmmL. T > ^ - T <D 
»iiV/I I 1 it^^ 8 5 t ^j: i> X o izmn Ltzo 

6 »fei<r>^m<r>Wi. TMGai:TMA10E^<0>'<;wrS-|SI^{C^l9#x., TMGatT 
MA 1 <75^^^^tf^#^RlD'^rt^tti|&S:«PjhL/Co Mv>-crv^^r<Dtti^<>f?lliU 10 
. ^ (D t t 3 ^m^n L fZo 
I 0 0 3 5 1 

:^<r>mf^^^wi>'mtihLfz. ^ <r> t t 4 ^ m T > ^ ^ T mm ^ ^ tz . -g-cop^iz, TMCa 

-Tt t *)1;TMG aO-J;p|*I^<7)#fc^Srra*&L, G a N<Dfi6;ft*H§&L/Co 
$tj3^mt:Sc.T±|B<OG a Ne<7)^ft«r^fofw*)i:, TMG a<0Bei=O>'<;i'-7'^^l9# 

GaNS<^fife*^ll-7L/-:ft> K^SnS^^li-^'^oaS^^^lhLT, ^IgOiaJK^Sia 
*T-2 0^4-7jMfrl5tjaLfCo PfStfJii. K!Z-^[H<D^mM.i:^9:'^tmCXol<zr>^ 20 
-ri:S*i:*^7i^<b«*L/^75^, l6«<^SlS34^ 3 0 0*Ci:^:o/c<0«-5SISL^cm, T > 

I 0 0 3 6 1 

m<r) I I I:^M'ft!^#S^*:e«-?KfiKL. -e-0±UT>K-7'T-6//mOMI?OGaNe«r 

xtf5'^v-v;i^fig:ftL/ci^fl-^{^KLf^o m ^ L fz m^\t ^ <r> X. 0 ^j: mt^yi^^- -:> 

tz^is.Lxn'o. mm.t<7)^mizw^^Lfzi i i m^it^^mi^m^^^^mmm^j: ^ v ^ 

\'')<Di><DX^^ZtimLX\^^fZo GaNS<OfiKft®{iMffiT-abo;to 
[ 0 0 3 7 ] 30 

'^t*. ±m 'T) :fj m X !^ M i: n <^ tz r > V - y G a N m <r> X ^ n y ^ y ^ - -/ (XRC) 

m^in-o fzo }Sii^i-i±> c\i/3mx^^^Mi±mtLxm^^x. n^^mx ^ :h i o o 
0 2) m 1 4^n^^mx ^ ^ (10-12) b -e o o - ^ . s 'j ■:7 a -ft t( 

^m^<7)m't. (0 0 0 2) iB<^XRCX^^' h;l/^tti|iil±^ao¥ffl14 (^•^-''fvx^ 
) <Of§lli:^i)> (1 0-1 2) MOXRCX^^' b;l/#ffi*SliKfi:^iK (y ^ X h) (Ti 

C:<7)rI!lS<7)^*, :^^m<r>yjmxi'^mLfzT>' K-T'G aN^(±s (0 0 0 2) SOjl^ 
•C{±its^1HiS 2 2 0 #, (1 0-1 2) iSt?li*«i|iS3 0 0 #€:^L7to 
[ 0 0 3 8 1 

*7t, ±ii<7) G a m <^mmm ^S: -^^6^ ^j: w.^mtimWim (afm) ^ m^^x mm Ltzo 40 

[ 0 0 3 9 ] 

*K#oBr®*. mi^mm^m^m (tem) xmm l tz t z ^ . y r ^ r t mit 

o )^J9(±6 0 n mnStX ^ 10 ^ t Ifl^ (D mm.lt 5 n m f)^ h 5 0 n m X ^ -o fz o C:<OS 

l±, «^ ft O ^^c O m # <b ^fc -5 S -e * 4 ,f , *t -6 o 7C ^ ^ W I- i ti . Z(7)mit 
2 0%gS<7)G a ^:'§■^t?v»/^o 
[ 0 0 4 0 ] 

mmn2X{t^ mmm i tmcumx. m i <Dxm.x i i i mmit<^^mi^t: m^-t 50 
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tsi i 2 ^ iz m'^'T ^ z t n m ^ ^ i m r mm i n o o - o j» -g- tc ^> ax o u 

( 0 0 4 1 1 

*^iH-<o wf iB «r , ^mmm^^m^m. (tem) x-mm Ltz t z ^ . ^ y r ^ r mwLt^it 
ifV'^^^mt<7)^mizit, s,:ik<o A 1 Nfes% *^?¥ ^ L X i> z t ^^mm ^ n tz o jtm^ 

mi- ^ O ^ B^a * (i 1 5 % g K <0 G a -i" ^ T v» o 

[ 0 0 4 2 1 

F M ) {z X mm L fz t Z :b . -i^- 7 r ^ T « ® t± , i: f> ^ ff^ A <^ * =S t>V>: A ^ ff^ 10 

tit-e . w ® ® t>t o ?g :yt * ;fi- -r ^ s T ;p ^ - a ^ % ft l -c 7t o 

[ 0 0 4 3 1 

immm 3 ) 

***fe0ij3t:-i±, mrmcoii^of^. f^sL K i n ^ m <r> ^ - ^ > i mtt& ^z mm B a ^ 
{z m n ^ n fz y T ^ T i K ip iz m X L . ^loisttr. hu^-^^^wr;!^?- 

■>A (TMAl) <7)^^*-i-tf^#:4:jj!tiiL, IS2<0Xgi:LTTMG a iTV^-T* 
siaLT^fb*"''; -i^A^r^S^*. y T 4 T mm±lzm^t:VV ^ J^m^-A- h ^j: Z, G aN 
^ ^ ^ L o It 011 <^ H 1 CO X S -e CO it 11 L V / I I I it li 0 T- ^ S IS "IP O 
SiS^^^lc#« L7l:ft3||!^(7)^5-»'SJ tMiJ: , ± 4- l± ^^fi O N IS tJ^ $ *t T v» 

^ o 20 
[ 0 0 4 4 1 

±IS<7)G aNW^-i-tft^fl-cTJf^Mli, MOCVD-ift*fflv^-CJiiLT<:O^M-CtTo;'co 

5 ^ ^ <0 R )C& -i^ O 4" ^ A L o -9- 7 T ^ T « ^ l± , S « X T" « m $ ^^ n - y 4^ 

•y^'x<7)4'-c, mmm (D :f} - y m^^ -f 9 ±. \,zmm. L tz . ft«-«:»Am, 

a L -C S I& *P 1^ Sr /N- - V L o 

a ^ >^ ^ 1 0 55- M (- « o T it a L m . If * *n g^^ii-^'^f^l&^-ti:. 10^8-^75^ it T 
*=Kia)tSr6 0 ortc^fiLZ-ro ^^iSK^e 0 oric-Ko/^rSS. 7K**';^S-)>tii$-<^ 

^ M , Kli^^kz^m.^ fltzW-^X i, Y ^ ^ fi' ff ^ is ( T M G a ) O A o ;t # 30 

( y 7 ) j3 i Of h ^ f- ;w T ^ - A ( t M A l ) co A o # f? ( 7^ 9 ) <7) se 1= 

<^ > ^ * ^ ^ 'J T if :^ (n )V r ^ m t L -C > R Id tK ^ X <o ^ Ifl ^ L 7^.: o 

[ 0 0 4 5 1 

4A'';r:^f>?.<7)«3i9#x.f^, ai«oiaiKS:i 1 5 0'cic^?a$-ii-/;o 1 1 5 0 °cxm.m.-i)^ 

^^L7t<7)*?SIJ. L/^m. TMA1<7)E1=<7)/N';l'7'^^0l9#£, TMAlO^^^-g-tf^ 

^ ;R Id [*1 ^ L o Zaym. S Cd 'ip O § ffi ^ ^ ^ ic # « L Tt: ft « O ^ » J: I) . 40 
TMA 1 tmn^z:}.-t<Dli-i}^mU^^^ ^ ixtz ^X i, o 

9 »m<r>^m.<r>tk. TMAl<0E^O>'^';^y4^|SIB#^C^^)#x> TMAl<0||^S--§-tf^ 
[ 0 0 4 6 1 

7.<r>^^^^m\^fzo 

^ (T) t i A ^ fSi r > ^ ~ T ^ ^ ^ tz o ^ <r>m^z, TMGa<75El=<7)BKaiSgf|<7)BtLfi: 
^WgRL/io 4*<7)m. TMGa<0/s;wy4r^i9#x-CTV^-Ti:i:<>tcTMGa<7)'l;p 

l!j3I^M»-iSo-C±|BOGaNeo^««rffofc^>i:, TMGaOElr<0^<^l'y«r«J'9# 50 
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[ 0 0 4 7 ] 

ii'^ULfz^ m '0 m L tz ^uii^mm I tmm^z^ ^'j^-±m<r> x ^ ^j:mmA'A-^fz'&i:s. lo 

<Oico-C*-&C:t4r^LTv^;t:o ^ it mm X ^ fz o 
( 0 0 4 8 1 

IC , ± 15 </) :^ ft -e fig ft ^ o T > K - 7* G a N § <75 X R C ill) ^ 4- o o iM 5e (i . 

cupux^^^m.'^^MtLxm^^x. n^^mx i> (0002) mt^M+#>®t*-2. 

(10-1 2 ) ® -e tf o o ill] ^ O * , * l§ ^ O :^ ft -e |g L T > K - T-* G a N g li 
, (0002) WO?Sll5e-e(±itiffi$i 260 (10-12)m-ei±^ffllS300 #^^ 

[ 0 0 4 9 1 

ifz. ±nz<DG a-Nm<^wcmmi~^m^j:W-.^mt}Wum (afm) ^ ^ x mm l tz o 20 
-e-o^*, *®{c{ifiK«kfy h(±af>*t-r, ^j: ^ y * u ~ <r> mm mm ^ tz o 

[ 0 0 5 0 ] 

:$:Kfl-C0Bffffi*> itiia«T-MfS^M (TEM) xmm L fz t Z ^ . -^T y r ^ T t M it 

*-';-^A«i:o#Bici±, »;KtBtB&SE;^ifi]i-^m<os#^ifoA 1 N m:i^mm ^ nfz 

o mi¥l±2 0 nmSJ8T-*l5, 0 nmjJ-ibS 0 nm-e*o;to Z (D 

Jili, ^ft O^tt^^i^B^H 04fe-^lf:35^ 5r * « -eab m *v -2. o 7C ^ U J: ft . C: <^ M 

i±5%SJS<7)G a 4•-g■^•ev»/co 

[ 0 0 5 1 ] 

(Hife^ 4 ) 

2t:||J&t?!l4TJ±. HMt^fll i:|SI^U«ii0 7!»*IH]i!i4^tlcJnl$tt/i-9-7r'fT*^±(C. mi 30 
<7)X@i:LT. h"J^-^;bT;b$-'>A (TMAl) <r> m ^ t h ^ ^ )V 4 > 'J ^ (T 
MIn) <0|g^^^;wJttZtT2 : 1 XiS.-^ L fz^i^i ^ts^iti^ . ^\')Tif7.t\^X 
MfRSrfflv^TSEa^-ti:, -?-<0ftll2OISi: LTTMG a i:T>^-r^»!tiiLt:SII:)9' 
U-^ASrfiStS^-lir, -9--7T'rT«^Ji<^Mffc:^*';'^7ASS35-f>^fc;5G aNeSrf^SiL/Co 

[ 0 0 5 2 ] 

±fe<^G a NS«r-t-tri«*l-0|^jS<i. MOCVDftirffiv^TjaTCO^WIT-lfoTto 
mm^^ - 9 (DRF )V<r>^'\ZWLm.-^ittz^mm:(DK^^ip<D^\zm^KLfZo ^y r 4 T 

WLW-Ltzo fi- ^ * A m , a ^ X ^ -it a L T K iL- 1*1 ^ - t o 

S***;^«rl 053-Mi-igo-cj;tiiL;^>:m, IfSJnl^^t-rJ'^^^l*?-^, l o^^/iMtT 

*«tiajK«ri 1 7 ortc^iSL/co i 7 ox:K^^tzt t . TK^^'xs-sEa 

•9- - -7 'J - ^ > S: o T ^ IC. jK -^^ S ^ $ ;t H ^ -e * -2. h U ^ ^ 

•t7A (TMGa) <7)Ao;t§tJ (^n'^v) j3<tI/h>J^f-;WT;W5-'^7A (TMAl) <0 

Ao;tS# (/^*-:^7) i3J;yfh'J^^;i'-<>v?'^?A (TMI n) oAo/c^S (/<r9) 50 
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<0 E 1= tc * ^ + 'J T ^ ?r i;t a L r . ^< T > V i m L tz . # r 7 S (± > JS 
MGaiiJ:C/TMAlJ3J;0'"TMInO^M{i. & B Xm t ^ t X' li . ^ ^ T ^ 
- -r )V ^} - =. > if (D W:~T ^ . ii!.m ^ T if :^ <r> /ovfi m t I. . ^t> o X & m if :^ 

<7)mm^<)^ri^t lx . KJBiPi^^<Dif ^ff)mi^i:mm t Lfzo 

[ 0 0 5 3 1 

^^')Tif:^(D^'om^x.1k. ^^OfiSSrl 1 5 0 X: izf^iS. ^ fz o 1 1 SO'CTSiSTS* 
M L tz (D i L fz . TMIntTMAl<^E©<^/OW>^«:ra^lC«)t)#x> TMI 

±t-I I I^.fflfb^^^*#:^#«^-tir^iz!i31^M^L;t:o §t|&-r^TMI nhTMAlcO 
?1 Jt (± > 7' 'J > i- -5. E « (c K « L i/t » IB lo §1 1? * ;u it ^ 1 : 2 <h -& J: d P 

6^P^cOi!ia<75f^. TMIni:TMAl<7)iEl=co^N';i/7'?rl^B#lZ^l9#x.. TMIniiT 
MA 1 <Dm^i:^tx^i^iK!^'mf^^mmi:i^±L. ^<r> t t 3 »m^WLtzo 
[ 0 0 5 4 ] 

'?-C0*i4:9-Hr>^-r^j)ita^-<i:7'-:o ^OWti, T M G a <r> <7) 'MMM^^ <^ htm 

t fZo 4^C0f^. TMGa<0/<;urS:^!J')#x.TT>^-Ti:t^>lCTMGa<7)-l^ 20 

It; 1 B#rat-?toT±ieoG a Ngco^ft^^fo;?t*i:, TMG aOE^<7)/N';l'r«-«Il9# 

}Wsm<^KlZ-m^<^m^imT LX l&m^W±Lfzo 

* -e 2 0 t-ifxmm.Lfzo ^m.^ a. Km'^f*^<r>nm^i ms:'^ t m c a ^ izr > ^ 
~ T t mm t yi^m h m m L fz . mm<DM.m-^^ 3 o o x: t ^j: fz<D ^mmm. r > ^ =- 

[ 0 0 5 5 ] 

i;i±(r>j:mizxy). ^m^j^ia ic jpi $ ttTt -y- 7 r ^ r tca*t«it so 
fijoi I 1 mmit^^mi^m "tmf&L . ^ <d ±. iz r > h- - ^ x e m <7) mm <r> g a -n m ^ 
m&Lfz^P^^i'^^Lfzo m ^ m Lfzm^itm^m.mx fzo fiSLmm it^mx ^ tz o 

[ 0 0 5 6 ] 

^U, ±fB<7):^S-C^:RSr=ffof^T>K--/GaNe<7)XRC?8ll3gSr=ffofCo M^iZlt, 
C u /?^X^%^il?^7fei)^i: LTfflv^T, it^ffiT-ab-S (0 0 0 2) m t WU^^WX ^ ^ 
( 1 0 - 1 2 ) ® -e o o 

^<^?Ill^O|S*. ^l&^<o:^a-ef^^L7t:T> K-T'GaN^ti, (0 0 0 2) iBOjfl!^ 
TM±45^ffl<fi3 5 0 #, (1 0-1 2) H-C(±4^11l@4 0 0 #«r^Lf>:o 
[ 0 0 5 7 ] 

ifz. ±ti<D G a m (Dmimm i m'f-mtimmm (afm) m^^xmrnhtzo 40 

[ 0 0 5 8 ] 

if 'y m t (D wm iz i,i . m^m t mmw-jji^ i<z^m(om.w ^ w-^ a \ inNrnTj^ti^? 

tLTto MI¥«±1 0 nmSS-e^t). U^ttil^OggglliS nm^^<b 5 0 n m X ^ -=> fz o Z 
[ 0 0 5 9 ] 

(mmm 5) 

^mmm 5 X u . i& ?g o i I im&^t!^^mi^^^B<otsim.yjmim^^fz^ mmf -t^ ^ 
mit^m^mi^f^^m^<r>mit:^mi,z-o\^-xm.m-t i> o 50 
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<bWaC lX10*'cm"^<7)m?-?aJS*^to2/im<7)fiSiK-7'GaN«7. IX 
10^®cm~^<7)m^=-!SjS^lfol. 8//mWi^SiK-7°GaN®6, ixio'" 
cm" ^ <om^-«)S*^-^l 00A<7)I nOaN^^y KSS, GaNKMSStl^&iO 
GaNBEMeStrl^tJ-S, Sl?€r7 OAii-SeSOGaNKES^S t M W- i 2 0 k t iT 
i> 5 m <D y > V - y <D I nGaN#FfJl4i:*^5:iC«^LT^^#S»T-#pfl|ii2 0 10 
. 30Acoy>K-7'<7)Alo. 2Gao. sNt£MP»ih«2, 8xlO^'cm"^<0 
iE?Ll§JS^^oO. 1 5;/m<0Mg K-7'G aN® 1 ^«^L/i«jii^*-rao 
[ 0 0 6 0 ] 

ii^rlS^&LT'wo -teS i K-yOGaNgcO^ft^^^&S^iT'COM. S i 2 Hg l± ^ ^ ') T 20 

MGatS i 2 He <7).'<;w7'^^>)#x.TTMGatS i 2 Hg c^j'/p^-xf^ft^L, ®S 
i K-7*c^GaNa7<0fiS:ft*S^L. ^^2B#Pfl3 053-t-iSoTfg:S i K-^OGaN^ 
7 <7)m^in ^ fzo S iH4 <7)j;tii$-<i:^»li:*«riCi^itLT3b'9. f&S i K-7'<7)Ga 
NS7<om^ift]K3&*lxi 0^ ^ cm" ^ t^^i^tCSiSUTto 
CK^i^JCLT, 5/um<7)mi?*^-rffi:S i K-7'<7)GaNJS74-?f^^L;to 
[ 0 0 6 1 ] 

Mt::> Z<Di&S i K-y<0GaN«7±Ui^S i K-7*<OnaGaNS6*fiS;ftL & 
S i K-7'OGaNS74:fig:ftf^, l^MtCigoTTMGatS i 2 Hg <0'J^rt'^<7)tti|& 
S:1?JhL/Co ■t<r>m. S i 2 He <7> mMM M'^ L fz o MM ^ ^ M li 9m ^~ L X i> 30 
I9> i^S i K-7'<7)GaN«6om^?li)S'5^'lxl0^ ® cm"^ t^r^iot-ilSLTt 

155-MO#jhOf*:. TMGatSi2H6«^«*&*WP3t> IBfWtcigoT^ft^lfoyt: 
o Z (7)^i^\,z X i) . 1. 8//m(7)mi¥=S:fiK-tS;S i h'-^ffyCaNmeiM^LfZo 
[ 0 0 6 2 ] 

^SS i K-ycOGaNSe^^ftLfcft, TMGatS i 2 He <0/N';by*«]l9#x.T, 

«-«!J»)#xT + ^'JT**;^«-7K^>>^f>a*'^®«?#xyio -e-om, »«<7)it;K«:l 1 6 0 

r75^«b 8 2 0 V-^-i&r ^ ^ fz o 

■JPrt<7)iajS<0'^~5E*^orfllc, S i 2 He <75«i|&»^^sEL/-:o »E®$-«i:^4(±*fr(-1^ 40 
ttLT^f), Si K-7"<7)InGaNi5'9yKS5<om^iS«54^~lxi0' ^ cm"^ 

*)<b75^i:i6b';^^Jl'Y>->''t?A (TMIn) t h ^ )i' if (TEGa) 
(7)/<y'^^<D^^'')Tif:^(Dmm^mi!aLXid\^^fZo S i 2 He ^ . i5 J; t/ /s- 7- > ^ 
tlioTH^L^'wTMI nioXirTEGa<7>m^ii. 9 y V m <r> ^ m t i> t X' 

It. ^^')Tif7.i:-^izm^^mi^<r>mm^m.m^'±. ^.mmmirMLx m^^mm l 

fZ o 

•eoM. ■)^l*104^S^*^5ei"'2)<7)^ttoT. TMI ni:TEGatS i 2 He CO f 

^L, iSS i K--7'<7)GaNJB6±tCl OOAOIKiPS-^t'S i K-T'COI nGaN^7 50 
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-^<7)m, TMIn, TEGai3J;^/Si2H6<^'<'^7'^:^l9#x., Z i\ h <r> W. ^ (r> ^ fi^ 
[ 0 0 6 3 ] 

«jg2 0*ft«L/Co #S»i^#^«ii2 0Of^^U*;toT(i. S i K-yi nOaN 
i'7-;'K^5±(C. $&4f)(CGaNitSS3^®^L, ^<^GaN^SS±tCInGaN# 
pH 4 L ;t o - <OSit «• 5 011 I) dl L«« L ;t O *> , 5 # i O I n G a N # ^ S 4 

6#g<7)GaN|$S«3«-ff^«L, #»Si=-#P«it2 0(7)Mtl||SrGaN|Siee3 

lb « ^ L « 3t t L o 10 
^'i*?*,^ S i K->^(OI nCaN^'^ y KS5(0fifeft|?-Tf^> 3 0#Mt:jtoTI I I 

StT', TEGaO>'^*;^y^:«J^)#x.TTEGa<0^Prt•--^0«$&^•^fo;to TV^-TCi 

^0**<7)»ft»T'-|p|*I'N^|&L«l(t/>:o 755-HlcSoTTEGa<7)tt*&^^fo;l:ft. S?/ 
/OU7*^W»)#x.-CTEGa<7)#t|^^|^jttTGaNI¥MS30fiS;ftSr*l-7L/io CintC 
<t (), 7 OAOMH^^-fG aNSffi^ 3 ^m^LtZo 
[ 0 0 6 4 ] 

GaN^Sg3<7)«S*tfoTv>^F4, l^5'{-IS^^<7)El=i;itLTV^/iTMI nO 
. ^7-7 K^co^ft<7)B#i:ibKL-r. ^;i'ijtE*t::LT2<$tc^^i-9Up®iLTi3V^;^Co 
GaN|lSge30fi£SI«-Tf*, 3 0t>mtcjSoTI I 1:^.1^. f|-<7)#ti|&^f^ihLf>:0*,, » 20 
«ia«^<^l*l<7)JEiJ, ^^';T*'X<7)»£fi^aaii-?-<7)t^T-, TEGatTMInO>'< 
;py*^l9#x.-CTEGai:TMI n (D (D ^ ^ tz o T>^~T{i^<Dtt(r> 

^ & r-fp m ^ m L m if fz c 2 ^mi'iSL-^ x t e g a t t u i n cr>^^% ^^^j ^ tzm. s y~ 

/«;l'-7'*«)f)#x.TTEGai:TMI n<Ott*&^ifihLTI nGaN#p§40^ft^||- 
TL;to ^tLt-il920AolR(¥^«i-I n G a N m 4 i m L fz o 
[ 0 0 6 5 ] 

InGaN#^^4(7))|&ft^7m, SOfJ-'WlCiSoTI I imm.m-<DmmiW±Lfz<7)-h 
, *«SS-^-JPl*I«0]E:^. ^^'JT**^0-^a^tt^l±-?-Oti-C, TEGa<0'^|*l--^<7) 

^f^i^i^L. nvG a Nmmm 3 <r>&min ^ fzo 

Z <r> a ^ ^j: ^mi: 5 mm '0 M L . 5m<r>Gal^mMm3t5m<OlnGali^pm4^i^ 30 
f^Lfzom^-.mi^k<DlnGa^N^pm4±^ZGa^Nmmm3i:mmLfZo 
[ 0 0 6 6 ] 

Zff) G aN^fiS3T-*?-T-t--S#*S7-#j5fl|it2 0±lc, y > K-T'OA 1 o . 2 G a 
0. 8Ntt:«cR*ihe2S:i'^$ilL;to 

*'b:^^i:<6h';^f^;l'T;l/5-A'>A (TMAl) 0/^'■7'9'\<^^^•;T:^r;^Oy{ta^:M 
i&L-riJV^Tto y< y ') > :y I.Z X ^ X ^ ^ L fz T M A [ (T) m ^ li . J£tfcl*ihS2<7)fiS;RIS 

^iri^mm Ltzo 
[ 0 0 6 7 ] 

•^I*l<7)l±:f]*5-^^i--2)(7)*^o-r> TEGai:TMAl<7)>'OU7'«-^l9#x.> C:ix<bC0j^, 40 
m-<r>-fPP^^<D^^f:%imp^Lfzo ^<^m. ^tS^MtciSoTSKft^^fo/c^i:, TEGai: 
TMAl<^««&SrffjhL,y>K-7'OAlo. 2Gao. 8Nl£t!cl»lhe2<^^SS:«f 
lhL;t:o-tttci>), 30A<0)|gJ?S:fiK-ty>K-y<OAlo. 2Gao. sNiStStlSSih 
^ 2 ^ ® fi£ L „ 
[ 0 0 6 8 ] 

CK^y^K-yoAlo. 2Gao. 8Nil!t:tS:l»Jhe2JiU,MgK-7'<OGaN)llSr 

TEGatTMA10#if&^#ihLT, ^ > V - <D A I o . 2Gao. gNiSticl^lh^ 
2C0fiS:S3{i^'^TL7tf^. 2^M^7jMtT. (D ^ St ^ I 0 6 0 X: l<Z ± ^ L fz o MIC, ^ 

r :<r ;^ tK tc IE H L o 50 
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i fz , * lb C i6 -> ^' n ^ > v' olj:: ;u -7 ^- -> H7 A ( C p , M g ) <0 /< 7" 7 <0 ^ 
■■c T if :^ <D m i m L X a fz ^ ^< y' ') y if 11 X o r ^ ^ L fz c p 2 M g <?) ^ ^ (i , 
Mg K-7'GaN^l<7)fiKftXS7>^~$&i-5.iT-(i, ^^')Tif^t-^lzm«mm.^<r>m 

[ 0 0 6 9 ] 

& t J±ij M'^ L X ^fH<7) s.:h ^^^^-t ^ <r> i W X . tmg a t c p 2 Mg«o/oi/r 

^^i^^x., ^n<b</)ilf|-O'l;p|*l'-vC0«^^-PB$&Lfco Cp2 Mg^rsEii^-t^T'SSti^f 
mi~^.K LX ^ ^ . MgK--7'OGaN^lC0iE?LS«7>*8xi0* ' cm"^ ^:^4J: 

^^f?il:L>MgK-7'<7)GaNei<7>)$S^«PihU/;o^iXUit),0. ISyumOJi 10 
ll^fiS:^MgK-7'OGaN@l7!>^"ff^^$*t/Co 
[ 0 0 7 0 ] 

MgK-7'OGaNei<^fi£«^««-Tt7tf^. ^**P»t^l:-^"^<7)am^f?ihLT, » 

«<7)S)S^Siaf-e2 0^*:«Mt-cp#iSL;'co fifeftia«7i^^3oot;i-c-coptia4>ii. K 
]:e-^ n <r> ^ \ r if 7. ^ mm <^ ^ h m ^ \^ . s»uLTi%cr)NH3 ^j/taL/io -eo 

, * « za IS 3 0 0 *C i: 4' o CO * Jt ig L 1^ * -e N H 3 O j)it ii * # it t , # H ^ 

ta L ;t o 
[ 0 0 7 1 ] 

A';^>!7J^-/^?r^^?^L.fs:o Cld-CMg K-7'<7)GaNJil(4pa^-V';rS:^S14fb-r'&?t 
tb(r>T — - )i'%mi^t>tj: < X ^ pM^-^LTto 
[ 0 0 7 2 ] 

v> t? , Ji te c7) -9- 7 T T * ^ ± ic i e ^ + -> ^ « « 75* « S $ n /i tf 5^ # V- ^ -t/ 

lOSBl 4±IC. ^mmi)- hm^t^ ^ y , T;U5->!7A, #?:«eLf>:«jt«rifOpa 
:g*'>T''('>^^>'N*y Kl 2i:-e-ftlc^g^L7tAu0^5j»ib^;*S^14pm^l 3 im^L 

. pmmmai^nLfz. . so 

[ 0 0 7 3 ] 

Z CO X ^^CL•rpiili3J:afn^HlJ^0^;g^rff^^L/i'>i-/^Uov^-C, -ff^r-rT^iKcoX 

MSrSfiu, mmLx<y-^<7)mtLfzo •f-<7)f*> m'y ^ - i s 5 o mn<r>iEyiM<r> 
±m <r> i o L X i"!^ m L fz ^ T "f- y -f ^ it y 4 :t - h' (o p m X n m <D m i<z myj \ai 40 

Ej^«-j/tLf>:i>I^,m»£2 0mAtci3tt-2.iil:^|6]miE{±3. 5VT-abo;to t fz . p M 
<Dm±\i.mmimLX§t±i:mmLfzbZ^^ f&^?SfcS(i 4 0 0 nm-C*l)> f&^ffi:tH4 

[ 0 0 7 4 ] 
[HI^O^*! 

n -fe X .£> g ^ B# W 75* M < . mt)mmA^^Ci'^^j:^^o Z <7y Z t {z i y) . K it 7" n -t X <7) S ^ 

, « 3 X h jb:*^'^SgT-* i> o itz. lS.m.<om<ti'{i'- Kc Z t iZ X ^ , If) ^«/hPfi 
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. mm ma^iztaiLLtzmu^ m^^ i> z t iz X *) . i i i m^it'^^^wm^B<o&^& 

ft * H a T- # -So 
1 0 0 7 5 ] 

itz^ ^ {zum. L tz -fi m i. ix ^ tSE * <0 ia fig ft L 7t A 1 N ^ ffl v> 71: :^ ft (clt ^ L 

1- e bIi Sr S? -r -6 1 7>« -e § >5 o 
[ EI ® O ffl # ^ tfe ?q ] 

[Ell J 2^%Wt0^ife^J5 \>Z%t> Z> ^mW^itm=i-m<D :i- \£ 9 ^ \ )\^ ^ jL - /^<r>mMi 
[02] *l&WO||«fe|^5t-'^^p^#^#J^*:|&jfc3S^^<7)SS«^^^-r^®liIT*^o 

[ If -f- <7) ?g ] 

1 MgK-7'cOGaNg 

2 A 1 0 . 2 G a 0 . 8 N t£t!c^jii« 

3 G a N Pl^e 

4 InGaN#pS 

5 InGaN^'7-yK^ 

6 i^SiK-7'«7)GaNS 

7 fg:SiK--/<OGaNS 

8 A 1 NS 

9 ^ y r T mm. 

10 n 

11 ieiSiK-y<^GaN«<^nfflimffi^?f^fi!t1--5«|5^ 

12 p m ^ > -r' > >'^• K 

1 3 mif&L p €® 

14 MgK-yoGaN^OSM 

2 0 #*Si=-#P«® 
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